NEWS
The continuous battle between a homeostatic organism and the chaotic environment is epical, and stress response mechanisms lie at the front line of survival. Which role does age play here? In human and animal populations, it is known that very young and old individuals are most sensitive to environmental stresses. Although in older animals stress sensitivity results from a decrease in fitness and the onset of disease, the increased mortality in very young individuals is still puzzling. A recent study suggests that this relationship between age and stress resistance is conserved also in the budding yeast S. cerevisiae, 1 a genetically tractable unicellular organism that ages.
After exposing yeast cells to acetic acid or heat shock, the authors noticed that the daughter cells died more frequently than their mothers. By carefully analyzing the relationship between the total number of divisions and the cell death under stress, the researchers reported a U-shaped dependence:
The virgin daughters had a higher incidence of death, which decreased for the first three divisions of young mothers, and increased again from the fourth division onwards. This held true for both pH and temperature shocks, suggesting that the relationship between age and stress survival is independent from the origin of stress.
Is damage segregation an important player here? It is generally thought that a dividing mother retains most of the deleterious components, segregating to the daughter "fresh" structures, thereby producing damage-free progeny. Studies in both prokaryotic 2 and unicellular eukaryotic 3, 4 organisms have revealed that the asymmetric inheritance of a higher fraction of the total protein damage (carbonylated and aggregated proteins) results in aging of the mother cell. Furthermore, higher eukaryotes also accumulate protein aggregates during aging. 5 In budding yeast, sir2 deletion has been shown to cause an overproduction of toxic rDNA circles 6 and disrupt the asymmetric segregation of damaged proteins. 3 Knorre et al. 1 observed an increase in daughter death frequency following stress in a Δsir2 strain compared to wild type, probably arising from a higher level of inherited damage. Concomitantly, the older mother cells in the Δsir2 strain died less frequently than in wild type, presumably because Δsir2 mothers retain less damage than the wildtype mothers. Similarly to the Δsir2 mutant, mother-daughter protein damage distribution is symmetric in a Δbud6 mutant, 4 but in this Figure 1 . Virgin daughters are more sensitive to acetic acid or heat stress than young mothers in (A) wild type and (B) Δsir2 strain. Crosses represent stress-induced death, where the size of the cross correlates with the death rate. Each scar depicts a division event. The red circles represent the total amount of damage, which is in wild type retained by the mother cell and in the Δsir2 strain distributed between the mother and the daughter. Thus, virgin Δsir2 daughters are more sensitive to stress than virgin wild-type daughters. Old Δsir2 mothers, on the other hand, are less sensitive to stress than old wild-type mothers, because Δsir2 mothers accumulate less damage.
mutant the levels of rDNA circles are, unlike in Δsir2, similar to wild type. Hence it would be interesting to test if the stress resistance is higher in older Δbud6 cells compared to those in a Δsir2 strain. Interestingly, it has recently been shown that S. cerevisiae cells that have undergone a low number of divisions (1-6) fail to enter meiosis in response to nutrient depletion and pheromone signaling. The same effect is observed for older cells, here due to the absence of expression of the meiotic transcription factor Ime1. 7 This suggests that the relationship between age and the resistance to enter meiosis, which may be considered as a response to nutrient stress, is also U-shaped.
Knorre et al. 1 propose that the high stress sensitivity of small virgin daughters results from the shortage of energy due to their high surface-to-volume ratio. A testable prediction would be that large virgin daughters, which may be generated by blocking the cell cycle, are less sensitive to stress than small ones. An alternative explanation could reside on the requirement for cell growth and de novo biogenesis of mitochondria, since a new daughter is born smaller and usually inherits a small fraction of the mother mitochondria. 8 In this scenario, another replicative cycle would be necessary to achieve the full stress resistance. Further divisions would result in accumulation of damage, which contributes to the stress sensitivity observed in older mothers.
A yeast population seems to be composed of three distinct cell types: the virgin daughters (50%) whose objective is to mature in the current environment, the young mothers (47%, with 2-5 divisions) that are able to adapt to changing environmental conditions, and older cells (3%) which are competent to undergo meiosis and at the same time less resistant to stress. The ability to have a stratification of cell types may allow for a combination of different survival strategies simultaneously, although this remains to be addressed in future studies.
Successful progression through the cell cycle is the culmination of many orderly events, such as the condensation of chromosomes. They must be packaged to a high order to ensure they are compact enough to be efficiently separated at anaphase and their condensation begins as they enter mitosis.
It has long been known that chromosome condensation is spatially and temporally concurrent with the phosphorylation of the amino tail of histone H3 on serine 10. 1 However phosphorylation of H3Ser10 does not seem to be an absolute requirement for chromosome condensation. 2 More recent studies have implicated the Aurora Kinases in phosphorylation of this residue as they can bind the histone H3 amino tail and phosphorylate Ser10 both in vitro and in vivo. 3 Indeed, H3Ser10 phosphorylation is the hallmark phosphorylation target of Aurora B; knockdown of Aurora B removes H3Ser10 phosphorylation and adversely affects chromosome morphology. 2 Aurora kinases are a well studied, highly conserved group of serine-threonine kinases that regulate multiple, crucial events throughout the cell cycle. Three mammalian Auroras have been identified and clearly defined roles have been assigned to Auroras A and B in mitosis. 4 Recent findings suggest that Aurora C may substitute for Aurora B in meiosis. 5 Aurora B functions within the chromosomal passenger complex (CPC), which localizes to the centromeres during prophase, becoming more concentrated there until metaphase, then abruptly translocating to the spindle midzone at anaphase. 6 This matches the pattern of H3Ser10 phosphorylation in mitosis, which begins in pericentromeric chromatin during G 2 /prophase and then spreads throughout the chromosomes as they condense. 1 Loss of H3Ser10 phosphorylation begins in anaphase and is complete by telophase, 1 coinciding with the CPC translocation to the spindle midzone.
The study by Teperek-Tkacz et al. in a previous issue studied the importance of the hallmark Aurora B phosphorylation target, histone H3 serine 10, during the first and second mitotic divisions in the newly-formed mouse embryo. 7 These are the first divisions to be had with the maternal and paternal chromosomes in a common cytoplasm, and chromatin regulation at this stage of development is crucial. Teperek-Tkacz et al. find that H3Ser10 is phosphorylated earlier than in somatic cell mitosis, commencing in late S phase. Interestingly the phosphorylation observed during G 1 phase of the two embryonic cell divisions is not merely 
